Background: There is substantial nonadherence to effective adjuvant endocrine therapy for breast cancer prevention. We therefore examined patients' trade-offs between the efficacy, side-effects, and regimen duration, and whether tradeoffs predicted nonadherence. Patients and methods: Trade-offs from 241 women were assessed with an Adaptive Conjoint Analysis (ACA) choice task that was customized to each individual patient. From the estimated ACA utilities, the relative importance of each treatment property was calculated and a benefit/drawback ratio between the importance of the efficacy versus that of the side-effects and other treatment properties. Nonadherence was assessed through composites of validated selfreport measures. Results: Efficacy was most important. The side-effects joint and muscle pain and risk of endometrial cancer were almost as important. The benefit/drawback ratio showed 16% of the women to value the efficacy less than the side-effects and other treatment properties. A higher benefit/drawback ratio was associated with decreased nonadherence [adjusted odds ratio (OR) 0. 
INTRODUCTION
Five years of the adjuvant endocrine therapy tamoxifen reduces the risk of recurrence of estrogen-positive breast cancer by 41% [ 1 ] . Despite this efficacy, nonadherence was found to increase from ∼20% to 25% [ 2 , 3 ] in the first years to 30%-40% [ 3 , 4 ] in the subsequent years of the regimen. However, from the perspective of women with breast cancer, this contradiction is rather unsurprising. The regimen completion takes multiple years and can cause notable side-effects such as libido decrease [ 5 , 6 ], joint pain [ 5 , 7 ] , and hot flashes [ 5 , 6 , 8 , 9 ]. Therefore, women's perceptions of endocrine therapy should be conceived of as trade-offs between its efficacy and its drawbacks. Indeed, Fink et al. found a threefold increase of premature discontinuation for women with a negative decisional balance variable that was calculated by subtracting a woman's perceived risks of endocrine therapy from her perceived benefits [ 2 ] . This study examines women's trade-offs with regard to endocrine therapy. Instead of assessing trade-offs with a decisional balance score, we use a conjoint analysis task. Although the decisional balance score is intuitive [ 2 ] , its main limitation is that it is calculated from independently rated questions about treatment harms and benefits. Conjoint analysis choice tasks better mimic the trade-offs that patients make in the real world regarding treatment benefits and drawbacks. Patients' trade-off preferences are assessed by asking them to choose between pairs of hypothetical treatment alternatives, in which one of the alternatives is 'more favorable' than the other for one characteristic (e.g. prevents breast cancer recurrence in 5 of 10 versus 3 of 10 women), but 'less favorable' for another (e.g. frequently versus occasionally hot flashes were found. Accordingly, the objective was to examine breast cancer patients' trade-offs between the benefit and drawbacks of endocrine therapy, and the associations between demographic and clinical characteristics and nonadherence.
METHODS patients
Women treated with endocrine therapy were recruited through two hospitals and community pharmacies. Exclusion criteria were terminal illness, psychiatric disorders, or reasons at the discretion of the nurse practitioner or the pharmacist. In addition, women were recruited through two patient organizations. Women participated through filling out an online questionnaire or through a face-to-face interview. Of the 672 women approached, 241 consented to participate (response rate 36%). The medical ethical committee of the Leiden University Medical Center approved the study. ] , showing 15 pairs of hypothetical treatment options 'Endocrine therapy A' and 'Endocrine therapy B', described on two treatment characteristics so-called attributes. Each time, trade-offs had to be made as 'Endocrine therapy A' had a 'more favorable' level of the first attribute (e.g. efficacy) but a 'less favorable' level of the second attribute (e.g. osteoporosis as a side-effect), whereas the opposite was true for 'Endocrine therapy B'. Women had to rate their preference on a 9-point scale (1, strong preference for 'Endocrine therapy A'; 9, strong preference for 'Endocrine therapy B') (see Figure  1 ). ACA is adaptive because it customizes the presented pairs to an individual's previous choices, and thereby presents trade-offs that are increasingly relevant to that individual. Selection and definition of endocrine therapy attributes and their levels were based on the literature and online focus groups conducted with women treated with endocrine therapy (manuscript under review). The following attributes were included (see Table  2 for attribute levels) ]. To facilitate comprehension of the attributes, we described side-effects in layman's language and numerical attribute levels in words, e.g. '3 out of 10'. Subsequently, the ACA program (Sawtooth Software, Sequim, WA) [ 20 ] estimated, for each individual woman, a utility for each level of every treatment attribute on a scale ranging from −2.5 to +2.5. The higher the utility of an attribute level, the higher the attractiveness of that attribute level for a woman. Based on the utility estimates, a relative importance percentage for each attribute was calculated, which reflected patients' trade-off preferences. Validity analyses showed that for most women utilities reflected conscious and consistent trade-off choosing. See supplement S1, available at Annals of Oncology online for the calculation of relative importance percentages and validity analyses.
therapy adherence
Nonadherence was assessed with items from two validated scales [ 26 , 27 ] and additional questions about forgetting and persistence. Orthogonal factor analysis and internal consistency measures revealed an unintentional nonadherence dimension due to forgetting (six items, observed score range 0-7, α = 0.77) and an intentional or conscious nonadherence dimension (three items, observed score range 0-7, α = 0.81). See supplement S2, available at Annals of Oncology online for factor analytic results and scale calculation.
analysis Means and standard deviations were calculated for the relative importance score of each treatment attribute.We calculated a benefit/drawback ratio between the relative importance percentage of the efficacy and the sum of the relative importance percentages of the other attributes (≤1: efficacy less or equally important, >1: efficacy more important than other attributes). Associations between this benefit/drawback ratio and demographic and clinical characteristics were examined with linear regression analysis.
Associations between unintentional nonadherence (score of ≤1 versus >1) and intentional nonadherence or premature discontinuation (score of 0 versus ≥1) as the dependent variables and the benefit/drawback ratio as the independent variable were examined with logistic regression analysis.
[FIGURE 1] [TABLE 2] RESULTS
Women approached through hospitals and pharmacies were less likely to be treated with cytostatic therapy (66% versus 86%) and were older (M 59 years, SD 11 versus M 53 years, SD 8) than women recruited through patient organizations.Women who were interviewed were less likely to have been treated with cytostatic therapy (49% versus 76%), were more often treated for recurrent cancer (38% versus 22%), were less often higher educated (16% versus 45%), and were older (M 65 years, SD 12 versus M 56 years SD 9) than women who participated online. Analyses with regard to prediction of nonadherence aretherefore adjusted for site of recruitment and mode of participation.
preferences for different endocrine therapy attributes
Average and spread of utilities and relative importance percentages of the endocrine therapy attributes are shown in Table  2 . Efficacy was the most important attribute. It was on average slightly less important than osteoporosis, but 132 women (55%) considered it most important, whereas 84 women (35%) considered osteoporosis as most important. Surprisingly, the small risk of endometrial cancer was almost as important as the efficacy, which is a 50-fold of the risk of endometrial cancer. Thirteen women (5%) considered the risk of endometrial cancer as most important. Joint and muscle pain as a side-effect was somewhat less important and was considered most important by eight (3%) of the women. Fluid retention, libido decrease, hot flashes, and regimen duration were considered least important.
benefit/drawback ratio and different demographic and clinical variables
The benefit/drawback ratio showed that 39 women (16%) considered the efficacy to be less important than or equally important as the other attributes (ratio ≤ 1). Higher educational level (β = 0.15, t = 2.3, P = 0.02) and past treatment with cytostatic therapy (β = 0.19, t = 2.9, P = 0.004) were positively associated, whereas age (β = −0.26, t = −4.1, P = 0.0001) was negatively associated with the benefit/drawback ratio.
benefit/drawback ratio and nonadherence
Thirty-seven women (15%) reported unintentional nonadherence. Twenty-one women (9%) reported intentional nonadherence or premature discontinuation. There was good agreement between the medication possession ratio (MPR) inferred from the pharmacy refill data (MPR cut-offs 80%-85%-90%) and self-reported unintentional (85% agreement) and intentional nonadherence or premature discontinuation (90%-92% agreement). Age, educational level, past treatment with radiation therapy, or being treated for cancer recurrence had a univariate association with unintentional nonadherence (P < 0.10). No association between the benefit/drawback ratio and unintentional nonadherence was observed [odds ratio (OR) 1.5, 95% confidence interval (CI) 0.6-3.5,Wald = 0.9, P = 0.36], also not after adjusting for the above-mentioned factors, site of recruitment and mode of participation (OR 1.1, 95% CI 0.4-3.1, Wald = 0.05, P = 0.8). Marital status, status of use and educational level had a univariate association with intentional nonadherence (P < 0.10). A significant association was found between the benefit/drawback ratio and intentional nonadherence (OR 0.2, 95% CI 0.1-0.4,Wald = 14.3, P < 0.001), also after adjusting for the above-mentioned factors, site of recruitment, and mode of participation (OR 0.1, 95% CI 0.03-0.3,Wald = 12.9, P < 0.001).
DISCUSSION
Our findings demonstrate that from the perspective of women, endocrine therapy represents a real trade-off.Women's trade-off preferences with regard to different treatment characteristics revealed that efficacy was considered most important. Almost as important were several side-effects. The benefit/drawback ratio showed that approximately one in six women considered the efficacy of endocrine therapy to be less than or equally important as its drawbacks. Our finding that the efficacy was most important was consistent with findings by Ravdin et al. [ 28 ] who showed high levels of acceptance of even low degrees of efficacy. At the same time, our finding that side-effects were almost as important was consistent with trade-offs previously found by Duric et al. [ 29 ] , showing for instance that women with more severe side-effects required larger benefits from endocrine therapy. Furthermore, our number of women with a negative or neutral benefit/drawback ratio as well as the association found between the benefit/drawback ratio and intentional nonadherence were comparable to the findings by Fink et al. [ 2 ] . For clinical practice, knowledge of women's trade-off preferences is important to improve shared decision-making regarding endocrine therapy and thereby to prevent nonadherence and premature discontinuation. First, for postmenopausal women who consider aggravation of osteoporosis as highly important, tamoxifen should be the primary choice as it reduces the risk of osteoporosis. Second, when a woman considers side-effects to be highly bothersome, switching to another form of endocrine therapy should be considered, as was recommended by the TEAM trialists [ 30 ] . Third, an important finding was that women perceived the small risk of endometrial cancer almost as important as the much higher benefit of the efficacy of endocrine therapy, which is a 50-fold of the risk of endometrial cancer. Perhaps many patients find it difficult to understand percentages even when these are put in words. Alternatively, it is not unimaginable, especially for women with breast cancer, that owing to the severity of endometrial cancer, they overestimate its risk. Regardless of which of these explanations is most important, this finding underlines the need to reassure women by teaching them how to recognize preclinical symptoms or by offering postmenopausal women who remain concerned treatment with aromatase inhibitors as these do not increase the risk of endometrial cancer. The associations between the benefit/drawback ratio and patient characteristics also have implications for clinical practice. First, the higher educated had a more favorable benefit/ drawback ratio than the lower educated. This could suggest that the higher educated had better comprehension of the efficacy, and that, in turn, the information about efficacy should be better tailored to the understanding of those with lower education. Second, the less favorable benefit/drawback ratio observed in older women could suggest that older women value a better quality of life with fewer side-effects over an increased life expectancy brought about by the efficacy of endocrine therapy. A strength of this study was the use of an ACA choice task. Currently, trade-offs are usually assessed with a balance score or a subtraction of perceived drawbacks from perceived benefits of treatment [ 2 ] . ACA choice tasks, instead, require trade-off comparisons between alternative treatment options both described at more and less favorable attributes. Thereby, ACA choice tasks better mimic the trade-offs that patients make in the real world between the benefits and drawbacks of treatment than a balance score that is calculated from independently rated benefits and drawbacks. There were also limitations.With regard to the ACA task, the efficacy attribute of breast cancer prevention in 5 of 10 versus 3 of 10 women was an attempt to reflect the relative risk reduction by 41% reported previously [ 1 ] . However, in absolute terms, this reduction could have been much higher than it is in reality for many women, especially for those who have a low a priori chance of breast cancer recurrence. Therefore, the rate of 16% of the women who did not consider the benefit to outweigh the drawbacks could have been an underestimation, yet it remains substantial. Also, the ACA task may have been difficult to understand for some of the women, although validity analyses showed this not to be the case for most of the women. Our unintentional and intentional nonadherence dimensions, although derived from validated instruments, are preliminary and need further study. Moreover, the higher educated may have been over-represented, and some subgroups were too small to permit a detailed analysis. Finally, a suggestion for further research would be to examine whether endocrine therapy preferences change over time, as was previously done for health related quality of life and chemotherapy [ 31 , 32 ]. Taken together, for an important minority of women, the efficacy of endocrine therapy does not outweigh the drawbacks. By knowing women's trade-offs, physicians are likely to identify women who are at risk of nonadherence as well as to look at endocrine therapy through the eyes of a woman with breast cancer.
